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ABSTRACT
We present a search for new high mass phenomena using the latest data col-
lected by the ATLAS detector at the LHC, corresponding to 36.1 fb−1 at
√
s =
13 TeV. The search is conducted for both resonant and non-resonant new phenom-
ena in dimuon final states. The dimuon invariant mass spectrum is the discrim-
inating variable used in the search. No significant deviations from the Standard
Model expectation are observed. Lower limits are set on the signal parameters of
interest at 95% credibility level, using a Bayesian interpretation. In particular, a
Sequential Standard Model Z’ resonance is excluded for masses below 4.0 TeV.
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1 Introduction
The Standard Model (SM) of particle physics is a very successful predictive theory which explains the
fundamental interactions of elementary particles in the universe, except for gravity. However, the SM is
known to be an effective theory that is valid only in a low energy regime, called the electroweak scale,
and does not account for many observed experimental results. For example, it does not offer a satisfying
explanation for neutrino masses or dark matter. Hence, it is clear that to fully understand and explain
nature, a theoretical framework that goes beyond the Standard Model (BSM) is required. While high mass
resonances do not offer a complete solution to the problems mentioned above, many BSM theories predict
their existence. For example, extra dimensional models [1] and new gauge boson models [2] both have the
common goal of reconciling the very different scales of electroweak symmetry breaking and high mass scales,
and predict the existence of high mass resonances. Thus, finding high mass resonances would help validate
these theories, which do offer solutions to the aforementioned problems. The ATLAS experiment [3] at
the Large Hadron Collider (LHC) has collected 36.1 fb−1 of data at
√
s = 13 TeV. Using this dataset, we
have searched for new high mass phenomena with dimuon final states. Both resonant and non-resonant
phenomena are considered.
2 Event Selection
In order to select events with two muons in the final state, a series of cuts is applied to each event. At the
event level, each event is required to be in the so-called Good Run List (GRL) as defined by the ATLAS
data quality group. An event is contained in the GRL if it occured during a period where the proton beams
in the LHC were stable and all relevant detector systems were functional. Next, each event is required to
pass a single-muon trigger which requires at least one isolated muon with transverse momentum, pT, greater
than 26 GeV, or one muon with pT greater than 50 GeV. Event cleaning is then applied, where events are
rejected if they are flagged as incomplete. An incomplete event is one where noise bursts or data corruption
occurs in the electromagnetic or hadronic calorimeter. Finally, each event is required to contain at least
two combined muons. A combined muon is one where the track reconstruction for the muon candidate is
performed independently in the Inner Detector (ID) and the Muon Spectrometer (MS), and a combined
track fit is formed with a global refit that uses hits from both the ID and MS subdetectors.
Each selected muon candidate must have a track consistent with the primary vertex both along the
beamline and in the transverse plane, have pT greater than 30 GeV, and satisfy the high-pT working point
described in [4]. One of the most important criteria of the high-pT working point is that each muon is required
to have hits in 3 separate muon stations in the MS. Finally, muons are also required to fulfil track-based
isolation requirements in order to reduce the background from hadron decays inside jets.
The invariant mass of a dimuon pair, mµµ, is chosen as the discriminating variable for this search. It is
calculated using the muon pair in the event having the highest scalar sum pT. In addition, the pair must have
opposite sign charge, and have mµµ > 80 GeV. The kinematic distributions of the leading and subleading
muons are shown in Figure 1. The invariant mass distribution of the dimuon system is shown in Figure 2.
3 Background Processes
The background processes for this search are evaluated using Monte Carlo event generators and the full
simulation of the ATLAS detector based on GEANT4 [6]. The three main background contributions are
Drell-Yan (DY) production, top quark production, and diboson (WW, WZ, ZZ) production. A summary of
the various properties of the background processes considered is presented in Table 1. The event generators
used are Powheg Box [7] and Sherpa [8], and the event showering is done using either Pythia [9] or Sherpa.
The background component due to QCD is negligible when considering the dimuon final state.
The theoretical systematic uncertainties pertaining to the parton distribution function (PDF) of the
incoming partons include the choice of the PDF used, the variations of the PDF eigenvector sets, and the
variations in the PDF renormalisation and factorisation scales. Other theoretical systematic uncertainties
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Figure 1: (a) η and (b) pT distributions for leading & subleading muons in events with mµµ > 120 GeV [5].
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Figure 2: Dimuon invariant mass distribution after event selection [5].
include the variations in the αs coupling constant, the differences between the additive and factored treat-
ment of the electroweak corrections (the additive treatment is used as the nominal treatment in this search),
and photon-induced corrections. The dominant theoretical systematic uncertainty in this analysis is the DY
background PDF eigenvector set variation, resulting in a relative systematic uncertainty of ∼ 8% (∼ 13%)
at mµµ = 2 TeV (mµµ = 4 TeV). The experimental systematic uncertainties include the beam energy uncer-
tainty, trigger efficiency uncertainty, and muon energy scale and resolution uncertainty. In addition, muon
idendification, reconstruction, and isolation efficiency uncertainty (both in the ID and the MS) are taken into
account. The experimental systematic uncertainties are dominated by the muon reconstruction efficiency,
which results in a relative systematic uncertainty of ∼ 10% (∼ 17%) at mµµ = 2 TeV (mµµ = 4 TeV).
2
Drell-Yan Top Diboson
Generator Powheg v2 Powheg v2 Sherpa 2.1.1
Order NLO NLO NLO
Shower Pythia 8.186 Pythia 6.428 Sherpa 2.1.1
PDF CT10 CT10 CT10
Table 1: Summary of background processes considered in this search.
4 Results
In order to quantify any potential excess of data compared to background processes, we calculate the p-value,
i.e. the probability of observing an excess at least as signal-like as the one observed in data assuming that
signal is absent, as a function of mass. No significant excess was observed in the dimuon invariant mass
distribution. Therefore, various theoretical models are constrained by setting limits on parameters of the
models. First, upper limits on the cross-section times branching ratio (σB) are set for various Z’ models.
Second, lower limits on the energy scale Λ of Contact Interactions are set for different configurations of
interference and chirality. These limits are set using a Bayesian approach [10]. Figure 3 shows the various
limits set for the resonant Z’ models and the non-resonant Contact Interaction models. In particular, a
Sequential Standard Model Z’ resonance is excluded for masses below 4.0 TeV, and a Z’χ resonance is
excluded for masses below 3.6 TeV. Lower limits on the energy scale Λ of Contact Interactions vary between
20.3 TeV and 29.8 TeV, depending on the model.
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Figure 3: (a) 95% C.L. upper limits on σB as a function of mass for several Z’ models. (b) 95% C.L. lower
limits on Λ, the energy scale of the Contact Interaction model with constructive (const) and destructive
(dest) interference [5].
5 Conclusion
A search for new high-mass phenomena decaying into muon pairs was performed using 36.1 fb−1 of data
recorded by the ATLAS detector at
√
s = 13 TeV. No significant excess above the Standard Model expec-
tation was found, therefore lower limits at the 95% C.L. were set on the mass of the Z’ boson for various Z’
models, and the energy scale of the Contact Interaction Λ for various interference scenarios of the model.
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